Global cities have emerged as major players on climate change issues. The paper considers five case studies (London, New York, Milan, Mexico City, Bangkok), with the aim of identifying main emission drivers at urban level and verify the coherence of urban mitigation strategies with local emission contexts. At this purpose, local emission inventories and mitigation plans of the five cities are compared through a set of city indicators. In all cases GHG emissions derive primarily from local energy uses. Transportation and energy uses in buildings are the most emitting sectors in all cities, with different weights in analyzed cases depending on specific conditions. City mitigation strategies and measures, though characterized by different time horizons, are coherent with local emission contexts. The need of standardized indicators and methodologies constitutes an area of future development and investigation.
I. INTRODUCTION
Major cities contribute significantly to global greenhouse gas (GHG) emissions, in particular of carbon dioxide (CO 2 )
1 . Urban areas concentrate people and businesses that are responsible of high levels of energy consumption to satisfy residential, production and mobility needs. Urban features like high population density and compactness have usually been associated with congestion, pollution and pressure on public service provision, but recent works have highlighted they may also generate agglomeration benefits that are environmentally effective (GLA, 2008b ). If we consider per capita GHG emissions, cities turn out to be more efficient than nations. A survey on selected cities from Europe, North America, South America and Asia shows that city per capita CO 2 equivalent emissions (CO 2 e) are substantially smaller than their countries (Dodman, 2009 ). Beijing and Shanghai are an exception to this statement 2 , suggesting that differences in the relationship between urban structure and emissions should be further explored especially among cities in developing countries. An increasing number of city mayors is recognizing the potential to reduce emissions in their territories and is committing to voluntary reduction targets. Mitigation commitments can take the form of both individual or collective self-commitments (such as the U.S. Conference of Mayors Climate Protection Agreement) or formal agreements with international institutions (such as the European Covenant of Mayors) 3 . Worldwide, local commitments on climate change are often spread by international associations and city networks, playing a major role in sharing best practices on mitigation (i.e. guidelines to build emission inventories, tools and software to calculate local emissions, guidelines to define and implement mitigation plans) 4 . Moreover, they provide reports on cities from different countries, as they track periodically the progress of participating cities in the implementation of local policies 5 . In the last 20 years, many cities in industrialized countries have developed climate change plans. More recently, climate change plans have been defined by cities in developing countries, especially by mega-cities such as Mexico City and Bangkok. The aim of this paper is to identify the main emission drivers and the most relevant mitigation measures planned by a set of global cities 6 through a comparative analysis of their emission inventories and climate change plans. The focus is on global cities, which have emerged as major players in setting global agendas and acting on climate change related issues. For limited availability of adaptation strategies 7 , the analysis regards only urban mitigation strategies. Five cities have been chosen (London, New York, Milan, Mexico City and Bangkok) from both industrialized and developing countries in order to represent a variety of characteristics 8 . Data availability regarding city statistics, emission inventories and climate change plans has strongly conditioned the choice. The main indicator to compare city emissions is emissions per capita, which depend on carbon intensity, energy intensity and production per person 9 . Carbon intensity is determined by emission factors of fuel consumptions, energy intensity depends on morphological and territorial features on one side and on socio-economic and behavioural characteristics of population and city users on the other side. Production per person is the usual indicator of economic development. In the paper we identify relevant drivers influencing these indicators. Insufficient data coverage in climate-relevant dimensions led us to choose a qualitative approach. Main biases in the analysis are due to:
reduction targets and provides information on the implementation of the "five milestones process" in several cities (http://www.iclei.org/climate-commitments). A specific network has been created in 2005 by representatives of 18 global cities, that now gathers more than 40 participants: the "C40 Climate Leadership Group". C40 promotes the definition of common procurement policies and alliances to accelerate the uptake of low-carbon technologies and influence the market (http://www.c40cities.org/). 5 Recently, Climate Alliance and IFEU have developed a specific tool to compare mitigation performances in cities from U.S.A., Germany and Japan within the "Local Governments Climate Partnership" initiative. The LGCP benchmark system is structured in four parts: 1) a city fact sheet with general and energy data of the city; 2) an activity profile that illustrates present state and implementation of a city's climate protection activities in four categories ("climate policy", "energy", "traffic" and "waste" ); 3) a CO 2 -emission display detailed diagram showing the development of the final energy use and the CO 2 emissions of the city according to energy source and sector; 4) a set of indicators to overview the effects of previous climate protection activities and identify areas with room for improvement (http://www.localclimateprotection.eu/455.html) 6 Sassen (2001) defines global cities as major cities that have gained a new strategic role for the combination of spatial dispersal and global integration, and now "function in four new ways; first, as highly concentrated command points in the organization of world economy; second, as key locations for finance and for specialized service firms, which have replaced manufacturing as the leading economic sectors; third, as sites of production, including the production of innovations, in these leading industries, and fourth, as markets for the products and innovations produced". 7 New York's "PlaNYC" is one of a few examples of comphehensive strategies on mitigation and adaptation. 8 Foreign Policy, A.T. Kearney and The Chicago Council on Global Affairs have recently published a "Global Cities Index", a comprehensive ranking of metro areas developed according to metrics identified in five dimensions (business activity, human capital, information exchange, cultural experience, political engagement). Crossing all dimensions, our case studies rank as follows: New York (1), London (2), Bangkok (22), Mexico City (25), Milan (39) (Foreign Policy, 2008) . 9 The Kaya identity expresses global GHG emission levels as the product of the following inputs: [CO2 emissions per capita = Carbon content of energy * Energy intensity of economy * Production per person] (Kaya and Yokobori, 1997) . As this analysis is developed on cities, it is more significant to use data on energy consumption rather than energy production in calculating energy intensity. in climate change mitigation Fifth Urban Research Symposium 2009 4 -differences in territorial units data refer to. The selection of territorial units of analysis is a common problem in urban comparative studies, as definitions of urban areas may differ among countries and accordingly to criteria used. Administrative boundaries of a city are not always representative of the limits of the urban agglomeration 10 and not all global cities have a metropolitan body or a unique local authority managing the wide-urban area. In reviewing local mitigation plans we tried to uniform data on territorial features, transportation, energy consumption and waste, in order to make them comparable.
-differences in methodologies applied to estimate emissions at the local level. As a unique international framework is not yet available, emission inventories differ in sectors and sources comprised in estimates. We tried to specify these differences when possible. The analysis is structured in four main sections: in the first one, inventories are compared according to criteria applied to collect and organize data; in the second one, the emissive context of each city is depicted through a set of indicators; in the third one, plans are compared according to their main components and mitigation measures. In the last section we draw our conclusions with regard to coherence, effectiveness and efficiency of city mitigation plans.
II. COMPARATIVE ANALYSIS OF LOCAL EMISSION INVENTORIES

City emissions measurement
In recent years more and more urban authorities are elaborating city emissions inventories according to their mitigation targets. In the absence of official international standards and guidelines providing methodological guidance for cities inventories, many urban authorities use, as a base, the IPCC methodology 11 , which however has been conceived for national emissions inventories. The main ambiguity in compiling urban emission inventories is to identify the spatial area and the activities that should be included or not, namely to quantify direct and indirect emissions, choosing criteria to assign them to a local context. Direct emissions can be associated with emission sources (point, linear, diffused) located inside city boundaries. Indirect emissions are emissions from sources that are not controlled by a city government or comprised within its jurisdiction, but which occur wholly or in part as a result of the city activities (e.g. purchased electricity, emissions embedded in the consumption of goods and services) 12 .
10 Several boundaries can be identified within large cities: the core city, the contiguos built-up area, the metropolitan area and an extended planning region (Satterwhite, 2008) . 11 Intergovernmental Panel on Climate Change (IPCC, 2006) , "Guidance for National GHG Inventories". 12 The definition has been adapted from Hakes (1999) . Other classifications are possible. In a recent review of urban GHG inventories (i.e. Barcelona, Glasgow, London, District of Columbia, New York City, Toronto, Rio de Janeiro, Sao Paulo, Beijing, Seoul, Shanghai, Tokyo) (Dodman, 2009) , the author distinguishes between a production-based approach, taking into account GHGs produced within the area under consideration, and a consumption-based approach. This last approach follows a quantification methodology comparable with the ecological footprint. According to the author, this approach may have higher degrees of uncertainty, as more elements should be incorporated in final calculations, but it would be more suitable to identify the responsibilities and where climate interventions and policies are really necessary (ivi). ADEME's "Bilan Carbone" (ADEME, MIES, 2007) is an example of methodology based on a consumption approach. Emissions are calculated on the lifecycle of each product/service consumed. Emissions could be then allocated to consumers. As a matter of fact, Bilan Carbone does not provide a framework for inventories, but a picture of local emissions from a flow analysis. The City of Paris used the "Bilan Carbone" methodology to provide the informative basis for its climate plan.
ICLEI's protocol (ICLEI, 2008) suggests classifying emissions at community level in three scopes according to their being direct (emissions from direct sources located within the city boundary), indirect (emissions from direct sources located outside city boundaries, that result as a consequence of activities carried out within the boundary) and all other indirect/embodied emissions (emissions that can be useful to depict local climate impact, but are not conventionally included in GHG accounting). Scopes should enable to categorize emissions and avoid doublecounting.
GHGs accounting methods
There are two main approaches that can be followed in estimating emissions: a "top-down" and a "bottom-up" approach. The top-down approach considers emissions estimates derived from national or regional data and, subsequently, the emissions are scaled to the area covered by the inventory, using some measures of activities directly or indirectly related to the emissions in the area of study (Hutchinson, 2002) . Population figures, energy consumption and mobility demand are usually used to scale emissions at the local level. In a bottom-up approach, estimates are made from local data, from single sources when possible. At urban level, the bottom-up approach is to be preferred if the emission inventory elaboration aims to be the basis of a mitigation plan, as it provides detailed information that can be used in the definition of specific reduction measures and projects. In all the inventories considered in the case studies, a bottom up methodology is followed to define the local emission context, with differences in relation to greenhouse gases and sectors included in the analysis. We defined a checklist to review the following elements in each inventory (Table 1) : -what types of GHG are included in emissions inventory 13 ; -which activities are included; -what types of indirect emissions are considered.
Initially we considered Paris as case study, but we had to exclude it as its emission values are hardly comparable with values obtained with a production-based methodology. 13 National emission inventories usually estimate all GHG emissions, but at local level, urban authorities may opt to estimate only CO 2 emissions or CO 2 , CH 4 and N 2 O emissions , as they represent the majority of GHG emissions and are simpler and less onerous to obtain. A comprehensive analysis of inventories should also address issues related to data quality, coverage and approaches in emission estimates. As our focus is mitigation strategy rather then technical aspects of local GHGs accounting, data and estimates quality falls outside the purview of this analysis. Cities that have the longest time series of inventories (London, New York) have already started to address the issue of data quality, to verify and update methodologies.
Emissions by source
The analysis of emission inventories shows that energy consumptions are determinant in characterizing GHG emissions attributable to cities. Direct emission sources such as industrial processes, power stations and agricultural activities are usually located outside city boundaries or in peri-urban areas. As "urban" power supply covers a limited part of local consumptions, cities have traditionally adopted an estimation approach that relies on end uses. All inventories we considered assign to their respective cities emissions due to energy uses of individuals and urban activities, notwithstanding the location of energy production. Emissions per capita in the selected cities are thus strictly related with local energy demand and consumptions, as confirmed by these values: Table 2 shows a consistent gap between absolute emission values of Milan and the other cities, according with the different area size and population. New York City and Bangkok have the highest per capita emissions and energy consumption, expressed as electricity consumption for scarce availability of data (7,7 t and 7,1 t; 6,7 MWh and 4,8 MWh respectively). Milan and London have similar per capita emissions, energy and electricity consumption (5,5 t and 5,9 t; 21,3 MWh and 21,7 MWh; 5,3 MWh and 5,3 MWh respectively). Mexico City produces the least emissions per capita and shows the lowest energy and electricity consumption value per capita (3,9 t; 10,9 MWh; 1,7 MWh) 24 . Different factors concur in determining per capita emissions: carbon intensity of energy consumption, energy intensity of production and production per capita 25 . Carbon intensity depends on the share of renewable energies in the satisfaction of urban energy consumptions and on the carbon content of fuels that are consumed within the city. The comparison of energy consumption patterns of London and Milan shows that Milan has a higher share of electricity consumption than London (Figure 1) . The difference between average carbon intensity of energy for the two cities may be due to a relevant difference between carbon intensity of electricity 26 . Bangkok and Mexico City show a similar fuel consumption pattern, characterized by carbon intensities that are significantly different. Bangkok's low carbon intensity may be explained by the share of biomass (8%) in fuel consumptions and by a lower emission factor used to estimate emissions from electricity 27 for this city. Comparing emission indicators for the selected cities (Table 2) , GDP per capita seems to have more relevance in explaining different emission levels than carbon intensity and energy intensity of production, except for Bangkok. For this city, a greater relevance in determining high emissions should be attributed to energy intensity of production. 24 While New York, Milan, London and Mexico City result to have lower emissions per capita than their respective countries, Bangkok produces much higher emissions per capita than Thailand. Per capita emissions in year 2002: 20 t, United States; 9,8 t, United Kingdom; 4,2 t, Mexico; 3,2 t, Thailand (UNEP/GRID, 2005). 9,7 t, Italy (UNFCCC, 2003) . 25 See note 9. 26 The average carbon intensity of electricity consumed in Milan is 311 gCO 2 /KWh (IEFE, 2009); carbon intensity of electricity supplied to London from the National Grid is 520 gCO 2 /KWh. The carbon intensity of grid electricity for London is higher than the one of the gas heating network (Mayor of London, 2007a). 27 509 gCO 2 /KWh for Bangkok (BMA, 2008) ; 683 gCO 2 /KWh for Mexico City, as elaborated on data from Pardo et al. (2006) . Considering urban emissions by sectors, we retrieve that buildings and transportation are the most emissive sources, with different relevance. In cities belonging to industrialized countries (London, New York, Milan), emissions from energy use in buildings (residential, commercial, tertiary and public) cover a majority of urban emissions, amounting approximately to 70% of the total. In cities belonging to developing countries, emissions from buildings are the second most relevant source and amount to 24% and 35% (Mexico City, Bangkok, respectively). Transportation is a relevant emission source throughout all selected cities, covering almost half of total emissions in cities from developing countries (42% Mexico City, 49% Bangkok). In cities from industrialized countries, transportation results the second most emissive sector (22% New York, 22% London, 28% Milan). The industrial sector shows a limited contribution to total emissions, as economic activities in global cities are marked by tertiary functions. This sector accounts for 7% of London total emissions and 22% of Mexico City 28 . Solid waste stored in landfills contributes scarcely to urban emissions (less than 1% for New York, approximately 3% for Bangkok and Milan), except for Mexico City, whose landfill emissions account for 11% of the total 29 . A strong correlation among emissions and energy consumptions can be highlighted. Furthermore, emissions are deeply influenced by the combined effect of energy intensity and production, expressed by GDP. As these indicators are influenced by local conditions and lifestyles, in the following section we take into account urban features that may characterize each local context and provide elements to explain differences in the emission levels of cities. 28 According to Mexico City climate plan, sector-based classification should be interpreted with caution as far as energy consumptions in the industry sector is concerned, as data from energy providers classify as "industrial" many small commercial activities (Lapeyre et al., 2008) . 29 For Bangkok, the category labelled "other emissions" (13%) contains also emissions from agriculture. 
III. COMPARATIVE ANALYSIS OF LOCAL EMISSION CONTEXTS
A selection of drivers for the characterization of local emissions contexts
Almost all anthropogenic GHG emissions come from the consumption of material goods and energy and the production of waste, which depend on living standards and behaviors. As cities tend to concentrate population, high living standards and economic activities, they are responsible for consuming large amounts of goods, services and, indirectly, energy (Dhakal, 2004) . Energy use, in particular, is strongly influenced in its extent and nature by specific urban features, namely the spatial structure of the city, its infrastructures and the characteristics of urban population and activities. Such key factors have been identified as follows (ivi): -compactness of the urban settlement; -urban zoning and functions; -nature of the transportation system; -income level and lifestyle; -energy efficiency of key technologies; -nature of economic activities; -building technologies and building floor space use; -waste management; -climate factors. Analyses on energy consumption and GHG emissions have been developed mainly for the national level. Studies at city scale are limited. Main difficulties in analyses at city scale consist in getting data at urban level and linking decisions on energy issues, concerning primarily the national level, to urban contexts (ivi). Furthermore, there is a lack of comprehensive analyses of macro driving factors crossing all major sectors of energy uses and GHG emissions in cities, and in particular a lack of international comparisons (ivi). This section aims at contributing to this gap. We analyze a set of city indicators, which can characterize the population living standards and be interpreted as drivers of energy consumptions, energy intensity, production and consequently emissions at urban level. Indicators are subdivided into 5 sections: socio-economic features, urban territorial features, urban transportation system, waste production and management (Table 3 and 4, Figure 3 ). Socio-economic characteristics are described by the elder-young ratio 30 and the activity rate 31 . Territorial features are expressed by population and dwelling density, which are directly connected with the compactness of the city and may influence energy demand for transportation and heating/cooling. A third indicator, the availability of green spaces, refers to urban land use. Average temperature registered in the cities throughout the year has then been considered to characterize local climate. The characteristics of urban transportation are summarized by car ownership 32 and the modal share on daily trips. For the waste sector, two indicators have been selected: the solid waste amount collected per capita and the percentage of recycled waste collected yearly. Muttamara et al. (1994) . All data refer to recycled domestic and commercial waste. For Mexico City index, it is not specified. 
Socio-economic features
Cities from industrialized countries show homogenous socio-economic features in terms of population age structure and labour force. Considering specificities, Milan stands out for its oldaged population structure and Bangkok for the highest value of activity rate. Cities from developing countries show a relatively younger population than the first group of cities. Higher levels of emissions are more related with the characteristics of the first group of cities, except for Bangkok.
Territorial features
High levels of population and dwelling density characterize all cities. New York and Milan show the highest densities for both indicators and Bangkok City the lowest densities 35 . Higher emission levels seem related with higher population and dwelling density, but emission values vary significantly among cities whose densities are similar (e.g. Mexico City, London). As far as green spaces are concerned, cities from industrialized countries share high availability of green public spaces per capita, whereas cities from developing countries show a low availability of green spaces. Low emissions cannot be associated with a high supply of green urban spaces. This urban feature may be better interpreted as an indicator of local environment quality, resulting from territorial policies implemented by the city government.
Local climate
Local climate conditions affect energy consumptions for heating and cooling and thus emissions associated with buildings. Data on average temperature (Table 4) show that local climate in London, New York and Milan is more variable throughout the year compared to Mexico City and Bangkok's. Bangkok, in particular, has a tropical monsoon climate with a yearly average temperature -and absolute temperature -significantly higher than the other cities, which may generate relevant electricity demand for air conditioning 36 . As electricity uses are not detailed in all cities, it is not possible to evaluate them in relation with local climate conditions.
Urban transportation
The car ownership rate shows that there are not relevant gaps between the case studies, except for Milan that is characterized by the highest rate. Cities chosen from developing countries have reached a car ownership rate that is similar to cities in industrialized countries. To define a picture of local transportation that includes urban trips of commuters, we consider also data on the modal share of total daily trips within the city. The graphs show that public transport covers at least 40-50% of daily trips in all cities. For Mexico City, the share of public transport amounts to 80% of total trips. 35 If we considered the estimation of Bangkok registered and not registered population equal to 8,8 millions of inhabitants (note 22), the density of Bangkok would result to be 5.612 inhabitants/km 2 , similar to other case-studies. 36 BMA (2008) , Table 2 for a comparison among per capita electricity consumption. Despite the high modal share of public transport, the contribution of transportation to total emissions of Mexico City is considerable and per capita emissions due to transportation are similar to cities with a lower share of public transport (Table 2 ). This remark suggests that the efficiency of the operating public transport, the motor vehicle stock and kilometres travelled by circulating vehicles are determinant in characterizing this emission sector. ctric appliances.
Waste production and management
Indicators concerning waste show that waste production is similar in quantities among the cities we considered, except for New York that has the highest production of solid waste per capita. Still, the percentages of recycled solid waste show quite different patterns: cities from developing countries (Mexico City, Bangkok) have the lowest recycling rates, whereas cities from industrialized countries (New York City, Milan) have significant recycling rates. Within the latter group, London has the lowest recycling rate.
London emission values do not account for emissions from landfilled waste; for this city, it would be misleading to consider waste production and management as an emission driver. Among cities that quantify GHG from waste in their inventories, the city whose waste sector covers a relevant amount of emissions (i.e. Mexico City, 11%) is characterized by the lowest recycling rate.
Drivers and emissions correlation
As we are considering a limited number of case studies, it is not possible to draw general conclusions on the roles of specific urban features in determining local GHG emissions. Nonetheless, we may develop a few preliminary comments on the results of this city review. Within the socio-economic indicators, higher emission levels seem related with features that are typical of cities in industrialized countries, namely the age structure of population (elder-young ratio) and the city's economic performance (GDP per capita). Territorial features do not seem to explain differences in per capita emissions levels. Recent studies 37 have highlighted that densely populated regions have better CO 2 emission performances than regions with low density. We may gather that the correlation densityemissions in these cities should be further investigated through a comparison with areas characterized by densities that differ significantly, such as rural areas. Furthermore, the relation among density, energy intensity and energy demand for specific purposes within global cities (i.e. economic activities, heating/cooling, transportation) may be explored taking into account more specific determinants (e.g. the total floor space or volumes of buildings in each city). The role of local climate conditions affecting energy consumptions and emissions may be developed, in particular regarding electricity uses of air cooling and conditioning, that are strongly influenced by the efficiency and diffusion of ele The review of transport indicators shows that mobility patterns, in particular transit use, are more relevant in determining levels of GHGs from urban transport than private vehicle ownership. Features as the characteristics of motor vehicle stock in circulating vehicles and the efficiency of the transport network affect significantly emissions. As emissions from waste are accounted with different criteria in the climate plans, it is not possible to compare values concerning this sector. Nonetheless, waste management appears as a policy area that may be targeted effectively by mitigation measures, as in the context of Mexico City. in climate change mitigation 
IV. COMPARATIVE ANALYSIS OF CITY PLANS
Main components of the local climate plans
According to ICLEI, building a local emission inventory is the first step for local governments wishing to implement a mitigation strategy through a climate action plan 38 . The inventory provides an informative basis that is necessary to identify mitigation options and actions. Besides, it provides a basis to elaborate a Business As Usual projection of future GHGs levels, against which reduction targets may be set and the effectiveness of mitigation measures be assessed. We compare mitigation strategies in the five cities, reviewing contents of each plan and taking into account: -the local BAU scenario: which assumptions and drivers have been considered in projecting local emissions in the future? -the choice of the base year and of reduction targets: which criteria has the local government followed in choosing and defining its reduction commitment? -mitigation measures: how relevant is each measure and which roles does the local government play in each sector? -implementation and monitoring: does the plan identify who will be responsible of the plan implementation and of the monitoring system that will assess the plan effectiveness? -financing: does the plan address the funding of measures? 38 ICLEI's "five milestone process" defines the basic elements of a local climate strategy: 1) building a local emission inventory and 2) a Business as Usual Scenario as a base to identify mitigation actions; 3) setting a reduction target; 4) sharing the plan with stakeholders; 5) monitoring the implementation of the plan. 
Business As Usual Scenarios
BAU scenarios are estimates on how future GHG emissions would unfold if no additional measures, other than those that would naturally occur or already conceived, were implemented. (Dubeux, La Rovere, 2007) . They provide a basis for the assessment of results of new climate mitigation actions (ibid). According to the IPCC, the main driving forces of future GHG trajectories are demographic trends, socioeconomic developments and the rate and direction of technological change (Nakicenovic, Swart, 2000) . The elaboration of BAU emission scenarios for urban contexts borrows driving forces either from specific local projections and/or from projections for the regional and national scale. BAU emission projections are available in all plans of selected cities. We briefly review scenarios for London, New York, Milan and Mexico City, as they provide details on emission drivers.
Emission drivers
Emission projections in BAU scenarios are based on the estimation of future energy consumptions, namely heating for buildings, electricity use and fuel consumption from transportation. London includes also emissions from industrial sector, New York City and Mexico City emissions generated from solid waste. Forecasts on the main drivers are derived either from the expected evolution of socio-economic conditions in the city (London, Mexico City, Milan) or from historical emissions growth rate (New York) 47 , assuming that city growth will continue steadily in the BAU scenario.
Emission projections
Population and economy are projected to grow in all BAU scenarios, thus foreseeing a growing demand for energy, transport provision and housing needs 48 . Assumptions underlying these projections concern either the attraction these global cities will continue to exercise towards people, for opportunities linked to jobs and study (London, New York, Mexico City), or to local specific policies aimed at attracting people and increase the density of the city (Milan). 47 i.e. for New York, a total BAU Compound Annual Growth Rate for emissions was calculated from individual growth rates in the period 2000-2005 for emissions in the following sectors: electricity use, buildings heating fuels and on-road combustion vehicles (Bloomberg, 2008b) . 48 London population is projected to increase 7-9% by 2016 and 11-16% by 2026 from 2005 level (Mayor of London, 2006) . New York population is projected to increase 2% by 2010 and 9% by 2030 from 2006 level (Bloomberg, 2007a) . Forecasts for Mexico City differentiate among the densest part of the agglomeration (Federal District) whose population is projected to remain steady, and the wider urban zone (Zona Metropolitana del Valle de México), whose population is projected to increase 7,6% (low scenario), 13,5% (medium) and 18% (high) by 2012 from 2000 levels (Pardo, Martínez, 2006) . Demographic projections for Milan involve assumptions concerning the attraction the city will exercise in the next years, thanks to a series of important residential and tertiary projects that are being realized in brownfield sites within the city boundaries. Milan population is projected to increase 16% by 2020 from 2005 levels (IEFE, 2009).
Economic growth projections have been defined before the beginning of the current global crisis and do not account for the restraining effect that the crisis may have on energy demand and emissions 49 .
Base year and reduction targets
Guidelines on local GHGs accounting suggest choosing the base year to calculate reduction targets according to the completeness of data in the local emission inventory, as data for the Kyoto reference year (1990) are usually difficult to obtain at local level. Furthermore, a detailed and documented base year provides a good basis for planning (ICLEI, 2008) . The EU Covenant of Mayors suggests local authorities that have not developed yet an emission inventory to collect data for 2005 and set it as base year, in order to maintain homogeneity with the EU energy and climate targets. As in most of the case-studies inventories are available for a unique year (Milan, Mexico City, Bangkok), the choice of the base year is made accordingly. For New York City, inventories with reliable data were available also for 1995 and 2000, but 2005 has been set as base year to grant coherence among the climate change mitigation strategy and the larger sustainability framework of PlaNYC (Bloomberg, 2007b) . London adopts 1990 as base year in order to align with national and international targets. As reduction targets are voluntary, they are not set with homogenous criteria by city governments. London adopts a long term reduction target with intermediate steps, New York and Milan choose a medium term target. Milan, in particular, refers to 2020 for coherence with the EU energy and climate policies time frame. Bangkok and Mexico City adopt a shorter-term target (2012) , that may be linked to operative conditions of the local administration that has endorsed the climate plan 50 . We can calculate the average yearly emission reduction that needs to be achieved, in order to comply with the target (Table 7) . From the comparison of values, it turns out that both cities with a shorter-term horizon strategy and cities with a longer-term horizon show similar values of yearly reductions, expressed as percentage of base year emissions. Nonetheless, a long-term view should be preferred in local climate strategies, as many mitigation measures require long-term investments. It is not our aim to analyze the effort the city has committed itself, but rather the mitigation potential that each local government evaluates as feasible. Mitigation potential is influenced by roles the local government can play within each emissive sector and the degree of control the local government can exercise on emissions.
City government's roles and degree of control over local GHG emissions
The definition of global cities refers to capacities and competences that identify and distinguish cities at international scale, but each city government is placed in a specific national context and has connections with multiple administrative levels. National, state and regional policies on climate and energy may affect city policies defining and implementing legislation and 49 e.g. For Mexico City, historical GDPs were used for economic sectors and industrial subsectors: for 2001, 2002, 2003 , a 1,5% annual increase in GDP was considered; for the other years, the following assumptions were used in the three scenarios: in the low scenario, GDP increased by 1,5% till 2012; in the medium scenario, GDP increases gradually reaching a growth rate of 4,5% in 2012; in the high scenario, GDP growth increases from 3,5% in 2004 to 7,5% in 2012 (Pardo et al., 2006) . 50 The time frame of Mexico City's plan coincides with the mandate of the present administration (2006-2012). instruments that overlap with local mitigation strategies. This issue is addressed in particular in the climate plan of London, that provides an assessment of the achievable reductions at city level under present circumstances and highlights the roles of the national government and the EU level in enabling the achievement of further reductions, through legislative reforms that could influence technological and behavioral change. The analysis provided by the Greater London Authority suggests that main interactions of London climate policies with national and international policies concern the following sectors: -energy supply: as the city import most of the consumed electricity from the national grid, national policies on energy supply influence directly carbon emissions associated with citizens' consumptions. Furthermore, national legislation can directly enable or hurdle the penetration of decentralized or renewable supply systems in cities (e.g. in London statutory barriers hurdle the penetration of Combined Cooling Heat and Power -CCHP -plants).
-energy efficiency and savings in the building sector: the national government defines through legislation a framework, providing standards for new buildings. Furthermore, the national government is responsible of the implementation of directives on energy efficiency in appliances and buildings (i.e. EU Performance of Buildings Directive, EU Energy end Use and Efficiency Directive) and may concede grants, incentives or advice to support the realization of energy efficiency measures; -transport sector: in addition to funds for transport infrastructure, the national level may influence circulating vehicles with taxes on the most polluting vehicles. Besides, the active implementation of a global carbon pricing system would strongly influence prices of goods and services, thus orientating consumers towards lower-carbon consumptions. (Mayor of London, 2007a) . Although the urban mitigation potential is influenced by national factors, climate protection at municipal level has developed worldwide as city governments have identified a feasible potential to reduce emissions through their competences in climate-relevant dimensions. A city government can act as a consumer, intervening directly on municipal energy and transport consumptions; as planner and regulator, orientating urban development and using authoritative powers to set mandatory conditions related to energy efficiency; as provider and supplier, investing in infrastructures in the transport, waste and energy supply sector, either directly or owning companies providing the public service; as enabler and advisor, influencing other actors through information campaigns on sustainable behaviors or supporting them directly with incentives and counseling, aimed at enhancing measures that can contribute to climate change mitigation 51 . Alber and Kern (2008) classify these roles according to governing mode that each role implies.
-self-governing is the capacity of the local authority to govern its activities through reorganization, institutional innovation and investments. It is associated with the role of the local government as consumer; -governing by authority refers to regulations and sanctions the city government can set. It is based on the authoritative powers of the local government; -governing by provision consists in delivering resources and services and it is thus connected with the "provider and supplier" role; 51 Climate Alliance provides a review of mitigation measures that can be implemented by city governments in climate-relevant sectors, highlighting the different roles of the local authority (http://www.local-climateprotection.eu).
-governing by enabling refers to the capacities of the local government to coordinate actors and encourage community engagement, as in the "advisor and enabler" role. Although different governing modes may characterize the same action, this classification provides a conceptual framework to analyze local mitigation strategies.
Reduction measures
Grounding on governing modes, we classify emission reduction measures included in the climate plans in the sectors of energy, transport, waste and urban planning. To weigh mitigation measures in each local strategy, we analyze the expected impacts of measures included in plans 52 . The weight of each measure is expressed as a percentage of the total emission reductions that should derive from the implementation of the plan. Emission reductions that are achievable through each measure are usually expressed in the plans as annual reductions. 54 More than a half of expected emission reductions for London and Milan comes from measures in these fields. These cities assign a relevant role for mitigation to their main energy supplier, on whom they are able to exercise a certain degree of influence 55 New York City authorities schedule a set of energy measures, with the collaboration of its main energy supplier, in order to secure a cleaner energy supply to the city. In the plans of Mexico City and Bangkok, the highest local mitigation potential is identified within the transport sector, enhanced by investments in infrastructures to provide a sustainable use of public transport: this sector contributes for nearly half of expected emission reductions. Reductions from the transport sector contribute significantly also in the plans of London and Milan. For Milan, relevant reductions are expected from local policies aimed at reducing the use of private cars and lowering the average carbon emission factor in circulating vehicles, including a pollution charge. These policies are complemented by incentives to consumers for the purchase of low-emitting vehicles, provided by regional and national authorities. Measures concerning urban planning can hardly be associated with quantified emission reductions. Planning policies usually set a framework that indirectly influences the building and transport sector. Within land use, only Milan and Bangkok evaluate a potential increase in urban forestry and assign to tree planting a role in the comprehensive mitigation strategy (respectively, 4% and 7% of all expected reductions). In the waste sector, Mexico City identifies a relevant mitigation potential in a project concerning energy production from landfill methane (30% of expected reductions). London, New York and Milan address issues related to waste service in specific plans and do not include measures concerning this sector in their local climate strategies. Weights assigned to mitigation measures reveal that climate plans in these global cities are coherent with emission contexts defined through the local inventories. We can verify this aspect comparing the emission contribution of the two most relevant sectors (i.e. buildings, transportation), expressed as percentages on total emissions 56 , with the weights of measures belonging to these sectors within each plan. The plans of London, Milan, Mexico City and Bangkok identify a reduction potential for emissions from energy use in buildings and transportation, that is very similar to the share these sectors cover within total emissions ( Figure  4 ). The plan of Mexico City shows a gap in defining measures targeting energy consumptions in 54 In particular, New York has foreseen in its plan a property tax abatement for solar panel installations. Milan will deliver incentives to enhance thermal plant substitutions in residential buildings. 55 Decentralized production (CHP, waste-to-energy projects) accounts respectively for 19% (London) and 22% (Milan) of total emission reductions. The reduction of carbon intensity of the main energy supplier accounts for 17% (London) and 30% of total emission reductions (Milan). For London, influence on carbon intensity is limited as it is related with the policies of the national government concerning a lower carbon intensity in the national grid and with Great Britain's targets within European directives on renewable sources (Mayor of London, 2007a) . Milan has more power in influencing strategic investments of its main energy supplier, A2A, as the Municipality is a majority shareholder in the company. The New York plan foresees to 1) facilitate repowering and construction of cleaner power plants and dedicated trasmission lines; 2) expand Clean Distributed Generation connected to the city grid; 3) foster the market for renewable energy; 4) support expasion of city's natural gas infrastructure (Bloomberg,, 2007a) . 56 As in Figure 2 , pag. 12.
buildings. It assigns a significant weight to measures concerning waste (44%), despite a more limited contribution of this sector to total emissions (11%). The plan does not include measures for the industrial sector, which contributes considerably to total emissions (22%). This aspect may be due to difficulties in identifying local measures to target the industrial sector 57 . We cannot derive any conclusions regarding the efficiency of plans, as marginal costs of emission abatements are not available for specific measures. In fact, the efficiency of plans would require the equalization of marginal abatement costs of included measures. 
Implementation and monitoring
Two alternative approaches can usually be retrieved in the implementation of urban mitigation plans: 1) a unit in charge of climate policy is created in each department whose competences are relevant for mitigation measures; 2) a group with climate change competences (climate steering group, coordination office, overarching unit) is established in the local government (Alber, Kern, 2008) . The climate group needs to be combined with task forces coordinating activities on specific issues and across relevant local policy areas. The second approach seems more promising, if the climate group can act within a general framework (strategic plans with sector-based targets, policies and measures) and if a projectbased approach is adopted, as it prevents departmental segregation (ivi London has assigned to a pre-existent institution, the London Climate Change Agency (LCCA) 58 , the task to implement mitigation measures of the plan concerning advice and counseling. Furthermore, LCCA directly manages CO 2 reduction and energy efficiency projects 59 . Mexico City has assigned to the environmental secretariat the coordination of measures 60 , identifying for each measure internal sectors and outer actors that are responsible and coresponsible for implementation. Bangkok and Milan have not defined yet issues concerning implementation. The plan of Milan has been developed by the environmental department, with the support of a municipal agency with competences on mobility, environment and territorial issues (AMAT) 61 . Efficacy of the coordination role of specific units or environmental units within climate change strategy should be investigated in future research. Inventory updating is identified as a key tool to assess progress toward targets (London, New York, Milan). Monitoring reports are assigned to units charged with plan implementation (New York) or to an "ad hoc" monitoring and evaluating committee (Mexico City). London, besides periodical reporting by the Mayor, includes CO 2 reduction reporting in assessments provided by 58 London Climate Change Agency (LCCA). The LCCA was already in place when the Plan was published; it is a commercial company wholly owned, controlled by and housed in the London Development Agency (http://www.lcca.co.uk/server.php?show=nav.005001). 59 62 . This feature may be considered as a sign of high integration of climate strategy in the local government and its institutionalization 63 .
Financing
Financial aspects of mitigation measures in the plans are addressed providing an estimation of the costs for each measure (Mexico City) and foreseeing a budget allocation, for measures whose allocation is feasible (London, New York). According to Mexico City's local government, CDM credits and revenues from the Kyoto market will be fundamental to acquire resources to finance mitigation measures. These resources may be included in the Public Environmental Fund of the Federal District. The use of Kyoto credits as means for emission offsetting can be retrieved only in the plan of Milan, which focuses on CDM projects to compensate indirect emissions from purchased electricity 64 .
V. CONCLUSIONS
The analysis of emission inventories shows that local emissions strongly depend on energy uses, in particular referred to building use and transports. Considering main indicators of emissions, GDP seems to have relevance in explaining emission levels of the selected cities except for Bangkok, whose emissions are more characterized by energy intensity of production. GHG emissions have then been put in relationship with sectorial urban drivers, but no evidence of correlation has been found. Further analyses of the characteristics of the built stock, dwelling density, the motor vehicle stock and transport network may explain specificities of each city determining similar emission levels, but due to different contributions of the transport and buildings sectors (e.g. New York, Bangkok). In depth analysis of emission values and mitigation strategies reveals that cities from industrialized countries, namely London, New York and Milan, share similar local emissive contexts and mitigation strategies. For these cities, the highest contribution to urban emissions is related to energy consumptions in buildings (i.e. residential, commercial, institutional) . The review of mitigation measures provided in climate plans points out that these cities identify the greatest potential within the energy sector and adopt coherent measures. Their policies share the following essential features:
62 Progress in implementing actions of the plans and delivering CO 2 reductions will be reported in sector-based publications and reports (Annual review of progress against Mayor's Energy Strategy, Mayor's State of the Environment Report, London Sustainability Development Commission annual performance indicators, TfL annual Environment Report, monitoring performance against Transport for London's environmental performance indicators, LFEPA Environment Update and Monitoring Annual Report monitoring performance against LFEPA's Environmental Action Plan, Metropolitan Police Environment Report). 63 Institutionalization of climate protection policy is defined as the location of the policy within the local authority and the extent to which formal strategies, action plans and reduction goals have been developed and implemented (Bulkeley, Kern, 2004) . 64 Up to now, the Municipality has defined preliminary agreements with cities in developing countries to implement CDM projects with the support of the World Bank, within a project portfolio that will compensate emissions from the 2015 World Exposition Event (personal communication).
-stimulating energy efficiency and savings from individual action, both of citizens and businesses, levering on combined instruments (i.e. direct incentives or tax breaks, integrated by advice and technical counselling); -promoting high energy efficiency and renewable energy in the newly built sector, mainly through standards, regulation and incentives; -supporting decentralized supply and CHP; -relying on a lower carbon intensity in the energy supply of the main provider (London, Milan) . This latter point is characterized by different degrees of influence of each city government on its main energy supplier. The transport sector is the second highest contributor to urban emissions for these cities and it is targeted by policies aiming at enhancing the existing public transport infrastructure and its use. As we remarked in the analysis of city indicators, daily modal share of public transport is already high in London, New York and Milan, but private motorized travels show potential for further reductions. Investments planned by the municipality of Milan to extend the underground network, combined with incentives to support the renovation of circulating cars, are highly coherent with the markedly high car ownership that is typical of this city. Bangkok and Mexico City share an emissive context and mitigation strategies strongly influenced by transportation. Their climate strategies identify the most relevant mitigation potential within the transport sector and strongly rely on public transport provision. All cities considered in the paper have thus defined a strategy that is coherent with their local emission contexts, as they focus mitigation measures on sectors identified as most relevant in determining their urban emissions. Main limits of this paper are due to the low number of case studies, determined by the scarce availability of inventories, data on GHG emissions and energy at the local level. Furthermore, differences in methodologies to estimate emissions and energy consumption at city level affect GHG emission figures.
Future research
As local mitigation policies and city planning instruments for climate change keep spreading worldwide, a wider range of case studies will be gradually available for comparison. Further development of research may also benefit from a greater availability of comparable city-level data on energy, GHG emissions and territorial features 65 . Emission values in particular can be standardized through the establishment of a common and accepted methodology to build local GHG emission inventories. A research area that still needs to be covered regards the costs of mitigation measures at local level and -more broadly -the costs for the implementation of local climate plans. As global cities start publishing data and progress reports on their climate strategies, three main research areas may be specifically targeted. As far as implementation is concerned, the effectiveness and efficiency of each mitigation strategy may be assessed and compared, to identify the most cost-effective measures and those instruments and governing modes proving to be the most successful in pursuing reduction targets.
Secondly, each mitigation strategy may be reviewed with regard to other plans defined at city level, in order to explore synergies, co-benefits and linkages. Finally the integration between mitigation and adaptation strategies should be further explored.
